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Approximate rates

B There are many measurements of heavy quark production.
B Note high rate of hadron machines for b-quarks.

Process Vs [ GeV] | Cross section | o55/0tot
wN — cc 25 20 ub 0.1%
pN — cc 38 40 ub 0.1%
YN — G 19 0.7 ub 0.4%
pp — bb 40 20 nb 106
pp — bb 1800 20 ub 0.03%
pp — bb 14000 300 ub 0.5%
ete™ — bb 10.48 1 nb 25%
ete™ — bb 91 7nb 15%
pp — tt 1800 5 pb 10— 10
pp — tt 14000 800 pb 1078
ete™ — it 500 500 fb 5%
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B A large sample of b quarks is needed to observe CP violation in the decays of
hadrons containing b quarks and to measure Bs — B mixing.

B At the Fermilab Tevatron running at a luminosity of 1032 cm—2s—!, b quarks are
produced at 2 kHz.

B At an eTe~ machine such as PEP-II (SLAC) operating at a luminosity of
3 x 1033 cm—2s~1, the rate of b production is ~ 3 Hz

B hadronic production of b quarks gives access to a wide spectrum of states,
including mesons containing both bottom and charm (bc) and baryonic states
containing b quarks.

B At ete~ machines operating at the Y (4.5) resonance only B% and BT are
produced.
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Charm and bottom quark decays

M treat the semi-leptonic decays of hadrons containing c and b quarks in analogy
with the decay of a free muon, (spectator model)

B |agrangians for CKM-favoured decays are

G
e = _TZVCS sYH (1 —vs5)c vyu(l —s)e,
r®  — _ﬁv M (1 — ~= )b ey (1 —
= NG b Y ( ¥5)b evu( V5 )V -
C e b v
q+\ q+\
q q
i|/\/l(c)|2 = 64G% |Ves|?c-et s v,
§|./\/l(b>|2 = 64G%L |Vpl|?b-Dc e,

where b, c, s, v, 7, e and e~ now stand for the four-momenta of the particles in
the decay.
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B by angular momentum conservation s and v momenta prefer to be anti-parallel in c
quark decay. The endpoint configuration in which the e™ recoils against the
parallel s and v is thus disfavoured. We expect a soft spectrum for the positron.

B Conversely we expect a hard spectrum for the neutrino (or for the electron coming
from the decay of a b quark).

(@) _ ™M@ (Q))2
) o 4dm m _
[ | 753 / drdy 0(x +y — Tm) 0(x r — Y+ xy) E M=

B 1 and y are the rescaled energies of the charged and neutral leptons,
r =2E./mqg,y = 2E,/mg in the frame in which the heavy quark Q is at rest.
The kinematic endpoint of the spectrum is denoted by x,,, and is given by
Tm = 1 — €2 where e = mq/m¢. The result for the semi-leptonic widths of the ¢
and the b is

dF(c)

sL = . 2ro(me)[122(zm — )]
dxdy

ar®

SL v 12T (o) 12y (2 — )
dxdy

I'g is the rescaled muon decay rate,
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The lepton spectra are

dP(C>
sl

dx
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sl
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[ 242 (Tm — x)2

(1—x)3

] (6 — 6x + XV, + 202 — 3Tm,).
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The e from charm decay has a soft spectrum. The e~ from the CKM-disfavoured mode
b — u has a hard spectrum.

B The measurement of leptons with energies beyond the kinematic limit for b — ¢
gives information about V.

B Allowing for theoretical uncertainty in endpoint region, the measured value is
|Vaun/Vep| = 0.08 £ 0.02
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B After integration the semi-leptonic width including mass effects is found to be

(Q) 2 Mgq
r = |V r
sl VQal O(mQ)f(mQ)

where the function f is given by

fle) = (1 —€eh)(1 —8€e® + €*) — 24e* Ine .
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Including the CKM-disfavoured mode ¢ — d the result for the semi-leptonic decay of the
c quark is

P = To(me) [ F(ms/me)[Ves| + f(ma/me)|Veal?].

B For a rough estimate ignore strong interaction corrections and choose
me = 1.4 GeV. The theoretical estimate for the semi-leptonic width is

I'g) =1.1x107'° MeV.

From the measured semi-leptonic branching ratios of the DT, (17.2 4 1.9%) and

DO, (7.7 & 1.2%) and the inverse of known lifetimes, we can calculate the
semi-leptonic widths.

Ig(D) = (1.22+0.20) x 10~ MeV
Ig(DT) = (1.07£0.13) x 10~'° MeV.
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B The spectator model gives a fair description of the semi-leptonic decays of D

mesons.
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B For the semi-leptonic decays of B mesons, the theoretical decay width is

Me

(b) 2
F — F Vc 9
| o(mb)f(mb)| |“Mo

B The CKM-disfavoured mode makes a negligible contribution to the total rate.
no ~ 0.87 due to strong interaction corrections.

Using the measured semi-leptonic branching ratios of the B+, (10.1 1.8 + 1.5%)
and BY,(10.9 £ 0.7 & 1.1%), the semi-leptonic widths of the B mesons are

Fsl(BO) = (0.484+0.12) x 107'% MeV

FS|(B+) = (0.4340.18) x 107 1% MeV.

We can estimate V.. Choosing the values m;, = 4.8 GeV, m. =1.4 GeV and
Vep = 0.04 one obtains

Lg| = 2.7 X 1078V |2 MeV = 0.44 x 10719 MeV .
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Hadronic decays

B Estimate for the total width using the spectator model. The width in the spectator
model is given simply by the weak decay of the heavy quark followed by the
subsequent decay of the resulting virtual W boson.

B Diagrams involving spectators are suppressed by powers of the heavy quark

mass. For example, in the decay of a DJ meson, a non-spectator diagram would
result from the annihilation of the charm quark with the anti-strange quark.

1

BR(C—>€X) == m )

ignoring strong interaction effects. Therefore the prediction of the simplest
spectator model for the total width of a charmed hadron is given by multiplying the
semi-leptonic width by five.

B This leads to an expected common lifetime for all charmed hadrons of the order of
1.2 ps. However the lifetimes of the DT and the D° mesons are very different.

QCD and Collider PhysicsLecture Ill:Heavy quarks at Colliders — p.12/47



B Since the semi-leptonic widths are approximately equal, we can conclude that the
failure of the spectator model is due to differences in the hadronic widths of the
charmed hadrons.

B Reasons for the failure of the spectator model for D decays include non-spectator
diagrams and strong radiative corrections.

B Interference effects should be suppressed by powers of m. because of the small
overlap of the d coming from the charm decay with the spectator d. The former is
initially localized in a volume of order 1/m32, whereas the latter is distributed
throughout the D meson state.

B Since these interference effects appear to be important, we conclude that the
charm quark is too light to be treated as a heavy quark in this context.
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B total width

B Apply the spectator model to hadronic B decays.

B One might expect the B lifetime to be a factor of (m./m;)° shorter than the
estimate for the charm quark lifetime given above. However this mass effect is
almost entirely cancelled by the factor of |V, |? which occurs in the expression for
the width.

B The calculation of the semi-leptonic branching ratio for B decays is complicated
even in the spectator model, because of the many channels which are
kinematically allowed for the decay. A detailed calculation gives
BR(b — eX) > 12.5%.

B The ground-state hadrons containing b quarks have roughly equal lifetimes.

B Calculating the total width from the theoretical semi-leptonic width and the
measured semi-leptonic branching ratio, we obtain a lifetime of about 1.6 ps.

B The measured average b lifetime is 1.55 4 0.06 ps

B This corresponds to a proper lifetime expressed in units of length of
ct = 463 £+ 18 um. A b quark with momentum 20 GeV has a relativistic ~ factor of
about 4. A B meson of this momentum decaying after one lifetime will travel about
1.9 mm. This decay distance large enough to be measured with a detector,
typically a silicon vertex detector.
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Top quark decays

B Standard Model. Since m: > My + my a top quark decays predominantly into a
b quark and an on-shell W boson

t — WT+b

|—>l+—|—u

t — WT4+0b
|

—q+q

B the branching ratio to leptons is given by counting the decay modes of the W, (
eve, Uy, T, and three colours of ud and cs,

1
BRWT - eti)= —— ~11%.
3+3+3

With a perfect detector the numbers of events expected at /s = 1.8 TeV per
100 pb~1 are

N(ep +jets) = 2 x .11 x .11 x 500 ~ 12
N(e + jets) = 2 x .11 x .66 x 500 ~ 72.

The existence of both of these decay modes with the correct ratio is a first test of
the decay modes of the top.
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The W boson coming from top decay can be either left-handed (L) or longitudinally (0)
polarized.

— 2G »mi I

SIMuP = P 2x2<1—x2+y2>]

— 2G rm [

STMol? = %|v;b|21—x2—y2<2+x2—y2>},

where ©z = My, /m¢, y = my /my.
In the limit m; > My the result for the total width is

3
G 3
Tt — W) = =2 11,12 176 GeV | —22 )
8mv/2 175 GeV

Vip = 1 as suggested by the unitarity relation

Viol? + [Veo|* + [V |? = 1.
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B The top quark has a ‘semi-weak’ decay rate.

B The lifetime of the top quark is only of order 10~2% seconds and it therefore
decays before it has time to hadronize.
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B The polarization state of the W controls the angular distribution of the leptons into
which it decays. We may define the lepton helicity angle 6%, which is the angle of
the charged lepton in the rest frame of the W, with respect to the original direction
of travel of the W (i.e. anti-parallel to the recoiling b quark). If the b quark jet is
identified, this angle can be defined experimentally as

b-(et —v)  4b-e”

cos 0 ~ ;
©b-(et+v) mi-— Mg

in an obvious notation where t, b, e™ and v represent four-momenta.

SOIMDPEZ = 1N Mol? x |Dol? + > IML|? x | DL
7T
—— §(w? — M2).
XMwFW (w w)
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Here My, M, are given above with y = 0 and Dg, D, are the helicity amplitudes for the
decay of a longitudinal and left-handed W boson respectively:

GrM2, 1
|Do? = %Esirﬂez
Gr M
D2 = ZEEwlog 5002,

NG 4

1 I
i Lepton angular distribution in top decay. :
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Heavy quark production, Leading order

The leading-order processes for the production of a heavy quark ¢Q of mass m in
hadron-hadron collisions

(a)

q(p1) +q(p2) — Q(p3) + Q(pa)
(b)

g(p1) + g(p2) — Q(p3) + Q(pa)

where the four-momenta of the partons are given in brackets.

Process

q Q
> <Q
) > IMI?/g*

Q Q Q qa_)QG %(712+T22+§)
=
Q Q Q

(b)

)

The matrix elements squared have been averaged (summed) over initial (final) colours

and spins, as indicated by 3 .
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We have introduced the following notation for the ratios of scalar products:

2p1.p3 2p2.p3 4m?
p— '7'2:

T1 ’ y P = 5 ) §:(p1+p2)2

5 5

B The short-distance cross section is obtained from the invariant matrix element in

the usual way:

1 d’ps d°ps
25 (2m)32Fs (2m)32E,

A

doi; =

(2m)* 6% (p1 + p2 — p3 — pa) > _|Mj°.

The first factor is the flux factor for massless incoming particles. The other terms
come from the phase space for 2 — 2 scattering.

B In terms of the rapidity y = % In((F + p2)/(FE — pz)) and transverse momentum,

pr, the relativistically invariant phase space volume element of the final-state
heavy quarks is

d3p

— = —dy d*pr .
7 y d“pr
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The result for the invariant cross section may be written as

do B 1
dysdysd?pr 167282

> @ filwr, p?) wzfj(fcz,ﬁ)il/\/lijﬁ
ij

x1 and xo are fixed if we know the transverse momenta and rapidity of the outgoing
heavy quarks. In the centre-of-mass system of the incoming hadrons we may write

1

p1r = 5\/§(£B1,O,O,x1)
1
P2 — 5\/5(56270707 —332)
p3 = (mgcoshys,pr,0, mpsinhys)
ps = (mgcoshys, —pr,0, mrsinhys).

Applying energy and momentum conservation, we obtain

— _ Y3 Yq
_ mT oy —y4

(VAN
I

2m3-(1 + cosh Ay).
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In these variables the leading order cross section is

do 1

— i (x T T2, [ Mz 2
dysdyad®pr 64W2m%(1+cosh(Ay))22 w1 fi(w1, 17) w2 5 (2 Z| il™

Expressed in terms of m, mp and Ay, the matrix elements for the two processes are

~— 4g4 1 m?
> Ml = = (5 + cosh(Ay)> (cosh(ap) + m_%> ’

4

4 m2
g* /8cosh(Ay) — 1 m
E Mggl? = = h(A 2— —2—
Mgl 24( 1 + cosh(Ay) )(COS (Ay) + m7. mT)

B As the rapidity separation Ay between the two heavy quarks becomes large

D [Mggl* ~ constant, > |Mggl® ~ expAy.

B The cross section is damped at large Ay and heavy quarks produced by ¢g
annihilation are more closely correlated in rapidity those produced by gg fusion.
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Applicability of perturbation theory?

B Consider the propagators in the diagrams.

(p1+p2)°= 2p1p2 = Qm%p (1 + cosh Ay) :
(pl — p3)2 —m? = —2p1.p3 = —m?p (1 — e_Ay) ,
(p2 — p3)2 —m® = —2pap3 = —m2T (1 + eAy) :

Note that the propagators are all off-shell by a quantity of least of order m?2.

B Thus for a sufficiently heavy quark we expect the methods of perturbation theory
to be applicable. It is the mass m (which by supposition is very much larger than
the scale of the strong interactions A) which provides the large scale in heavy
quark production. We expect corrections of order A/m

B This does not address the issue of whether the charm or bottom mass is large
enough to be adequately described by perturbation theory.
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Heavy quark production in O(a)

In NLO heavy quark production m is the heavy quark mass.

o(S) = Z/ dxidxs 65 (x122S,m?, u?)Fi(x1, u?) Fj (22, 1°)
2

6i,5(8,m*, u*) = oocij (b, 1)
A 2/ 52 — ,,2 2 — 2 2 2 & i -nf-
where p = 4m*= /35, i* = p*/m=,00 = ag(p®)/m* and s in the parton total c-of-m

energy squared. The coupling satisfies

dog o 5 11N — 2ny
= —bp—= + 0(a), by =
d1n p? Oon +0(s), bo 6

2 2
Y _
cij (P ) = i (0) + amas () e} (0) +2} (p) In(25)] + O(e3)
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The lowest-order functions C,E?) are obtained by integrating the lowest order matrix
elements

m6p |
Cé%)(ﬂ)=7 (24+0)]
8p | 1 1+
% (p) = % E[p2 +16p + 16] In (1_—5) —28—31p] ,

chq (p) = c;%) (p) =0,

and 3 = /1 — p.
B The functions cf;?) vanish both at threshold (6 — 0) and at high energy (o — 0).

B Note that the quark-gluon process is zero in lowest order, but is present in higher
orders.
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. 1
B The functions cgj) are also known

\mu,ﬁﬁ NETT PR
+ + logoo. —+

Real emission diagrams

NITT PN T TP
+ %+E}Jw<+

Virtual emission diagrams

B Examples of higher-order corrections to heavy quark production.

B |n order to calculate the ¢;; in perturbation theory we must perform both
renormalization and factorization of mass singularities. The subtractions required
for renormalization and factorization are done at mass scale .
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Higher order results, c; .

ceR)

CqqlP)

(1)

1]

Gluon—Gluon

1 | IIIIII|
T

cD(p)+e® (c&p) +c% (0) In(u’/m®) )

—. o > - + [N 5
]10 10 10 10 10 10
1/p
2 T T IIIIII| T IIIIIII| T IIIIIII| T T TTTTIT
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[ ca)+e’ (eqg(p) Hegd(p) In(u’/m?) ) i
—— caalp) .
--------- aa (0)
—— T2lo) -
-1 | IIIIIII| | IIIIIII| | IIIIIII| 11 111111
! 10 100 1000 10000
1/p

ceg)

Gluon—Quark
+8° (cg(p) +540 ()

In(u’/m® )

| IIIIIII| | IIIIIII|
T

10 10°

QCD and Collider PhysicsLecture Ill:Heavy quarks at Colliders — p.28/47

10°
1/p

107

10



1 dependence

1 is an unphysical parameter. The physical predictions should be invariant under
changes of n at the appropriate order in perturbation theory. If we have performed a

calculation to O(a?), variations of the scale v will lead to corrections of O(a%),

d
MQEU = O(Oéils*)-

B The term (1), which controls the 1 dependence of the higher-order perturbative
contributions, is fixed in terms of the lower-order result ¢(0):

1
_()(p) _ — [47rbc()(p) /pdz Z )(_)P(O)(zl)

-/ iz > (IR (= >]
p k
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In obtaining this result we have used the renormalization group equation for the running
coupling
d

2 2y _ 2
1 ﬁas(,u ) = —bag + ...

and the lowest-order form of the GLAP equation

d ag(pu?) 1 dz x
2 2 S (0) 2
fi (. > | =P Fe(Zu) + ...
Hl2<$,u) 5 k/33 zkz(z)k:<ZM)

This illustrates an important point which is a general feature of renormalization group
improved perturbation series in QCD. The coefficient of the perturbative correction
depends on the choice made for the scale u, but the scale dependence changes the
result in such a way that the physical result is independent of that choice. Thus the scale
dependence is formally small because it is of higher order in ag. This does not assure
us that the scale dependence is actually numerically small for all series. A pronounced
dependence on the scale p is a signal of an untrustworthy perturbation series.
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Scale dependence in top production

M Inclusion of the higher order terms leads to a stabilization of the top cross section.

\\\ Top cross—section vs. scale u,
8— Vs =1.8 TeV, m, = 175 GeV
MRS(A’), ag(M;)=0.1124

o [pb]
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Scale dependence in bottom production

B The perturbation series for bottom quark production is not well behaved.

B The lowest order cross section is almost 1 independent because of an accidental
cancellation between the fall-off of g and the increase of the gluon distributions
with increasing p.

80 ! | ! T T |
Bottom cross—section vs. scale pu,
N Vs =18 TeV, my, = 5 GeV i
60 MRS(A), as(M)=0.1124 _
o
= 40—
b
20— —
0 | \ I |
2 o 10 <0
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Beauty production at CDF

| | |
n T I L L] 1 Li I L L L L] L L] Li L L L] ¥ L] o oo r gl
[ pp = B*+X, VE=1.8 TeV, |y|<1 o O: DO data
f L ]
109 dashed: pg=pr=po=v(my+p;) — oy 100 - pr>5 GeV :
= 3 solid: po/2 < pg.piy < Zpy 1 B sf :
= C
g - CTEQ5M1 1A g
2 402 : % o 20
‘E“ 1 :F' o mh 4:?5 Gﬂv — -.‘"-..‘
- - dotted: Peterson, f{b-+B)=0.375 3 10k
- = t :
:_E B e = 0.006 ry sf
L i
W 10" £ 0. CDF data b ;
- Theory: FONLL with N=2 fit 2
lﬂ i I " I i i i i i L1 1
5 10 18 20 28
pr (GeV) |5l

B To compare the b-quark production prediction with the experimental data on
B-meosn production, we need to include a fragmentation function.

B This comparison was flawed in the past, because inadequate fragmentation
functions were used, see hep-ph/0411020

B The data agrees with the upper range of the theoretical prediction. Given the
status of the perturbation theory for b-quark production, this is a postive outcome.
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Bottom jet production at D0

B We can avoid the fragmentation issue, by comparing the the theoretical prediction
for jets containing a b-quark with tagged jet data from DO

-

'; pp—}b}i J5—1

O
IIII

=

do/dE™ (nb/GeV)

o

e D@ Data

(Errors have correlations)

____ NLO QCD, MRSA/ g
Thearet:cui Lim:ertu:mntg,.r gL

.8 TeV, I'r;r""'“lf,‘l 0 |

R ERE

E

-

20 -'.'rEI -'H:r 5'3 E'J

?D ED a0 1 ED

£ (GeV)
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Top production

B All the information on the top quark is still rather limited and crude
B Within errors agreement between three generation theory and experiment

Experiment Theory
My 172.7 £ 2.9 GeV 178.7 £ 9.7 GeV
o (t1) 6.2+ 1.7 pb 4.75 — 5.5 pb
BR(t — Wb)/BR(t — Wgq) 1.1179-2% ~ 1
BR(t — Wob) 0.747922 ~ 0.7
BR(t — W4b) < 0.27 (95%cl ~ 0

—_ T T L L A LA L
= B Cacciari et al. [1] ]
2 12 R I TTTPT TR Cacciari et al. [1]+ 1o ]
= R BT TP e Kidonakis and Vogt [2] PIM
- g B T R Kidonakis and Vogt [2] 1PI
T 10¢ [ ANN CDF 194 pb" ]
| 2 N
3 [
o} 8

6

al

o[ ]

i PR S S SR AN T SO T T NN T ST S SR [ SR ST ST S NN ST SR R S N S S S ]
1060 165 170 175 180 185 920
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Top production

Top-Quark Mass [GeV]

CDF 172.3+ 3.8
DY 173.8 £ 3.6
Average 172.7+2.9
x?/DoF: 6.45 /7

13.2
LEP1/SLD 172.6f 10.2

12.1
LEP1/SLD/mW/1"W 179.4f 9.0

‘14‘10“‘1(‘30‘ 12‘30“‘2(‘)0‘
m, [GeV]

— 1

1 —LEP1 and SLD

80.54 - LEP2 and Tevatron (prel.)
68% CL

150 175 200
m, [GeV]

B Together with the W mass, the mass of top quark leads to a constraint on the

mass of Higgs boson

B Unfortunately the dependence on the Higgs boson mass is only logarithmic.
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The CKM matrix

The primed down-type quarks ¢’ differ from the mass eigenstate combinations ¢ by a
unitary transformation, V':

d’ d
s’/ =V s
b’ b

V' is the Cabibbo-Kobayashi-Maskawa (CKM) matrix
Vud Vus Vub
V = Vea Ves Ve
Via  Vis Vi

The constraint of unitarity is VTV = 1. Written out explicitly, this imposes nine conditions

3 3
d O VislP =) IVislP =1,
j=1 i=1

3

ST ViV =0 (i #5) .

k=1
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CKM experiment

The experimental limits on the magnitudes of individual matrix elements, taking into
account constraints derived from unitarity, are

0.9742 — 0.9757  0.219 — 0.226 0.002 — 0.005
V = 0.219 — 0.225 0.9734 — 0.9749 0.037 — 0.043
0.004 — 0.014 0.035 — 0.043 0.9990 — 0.9993

If we do not assume three generation unitarity,

0.9722 — 0.9748 0.216 — 0.223  0.002 — 0.005 ... \
0.209 — 0.228  0.959 — 0.976 0.037 — 0.043
0 — 0.09 0—0.16 0.07 — 0.993
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CKM and CP violation

M |t is important to establish how many independent parameters the CKM matrix
contains.

M In general, an n x n unitary matrix depends on n? real parameters.

B Since a real unitary matrix is an orthogonal matrix, with %n(n — 1) independent

elements, it follows that there are %n(n — 1) parameters that can be represented
by real mixing angles.

B The remaining %n(n + 1) parameters are phases.

B However, 2n — 1 of these can be absorbed into arbitrary phase rotations of the
quark fields g and ¢/, leaving 1 (n — 1)(n — 2) phases.

B This means that for n = 3 we have three independent mixing angles and one
phase.
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Single Top production

B CDF has measured

BR(t — Wq)  [Vial? + |Vas|? + [V |? 0

BR(t — Wb) Vip|? _ . q1t0-21

If we assume just three generations of quarks, unitarity of the CKM matrix implies
that the denominator is equal to one, so that we can extract

10
|Vip| = 1-11J—r8&3

B But assuming unitarity we know already that V;; = 0.9990 — —0.9993.
B The current CDF measurement shows that |V, | > |Vial, |Vis|-

B For a real measurement of V;, we must look at the electroweak production of a top
quark.
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Producing the top quark
B The top quark was discovered in Run | of the Tevatron by producing it in pairs:

q t

B However, it should also be possible to produce it singly in Run I, for example:

b

+ v
Wt w

b

B This is especially interesting since it would yield information about the weak
interaction of top quarks (V;3).
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Top production rates

t

9700000 ———t
6 pb 0.14 pb
720 pb 66 pb
: b AVAVAVAVAVA'%
b q . q
0.8 pb 1.8 pb
10 pb W EW 240 pb
; b ; b

B All cross-sections are known to NLO (Tevatron / LHC)

B The total single top cross-section is smaller than the ¢ rate by about a factor of
two, at both machines
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Experimental signature

B The experimental “signature” is an event which contains a top quark — identified by
the combined mass of its decay products — and which also has two jets containing
b-quarks. These can be distinguished from other jets around 50% of the time.

B Observed events such as these can also be the result of other basic processes.
These backgrounds include, for example:

u | u |
b 70 b
d / : d /W/< ;
Wbb W Z(— bb)

B MCFM can calculate the signal and backgrounds at NLO.
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Inclusion of decay

B Results had previously been presented without including the decay of the top
quark. Without it, predictions for some quantities used in Tevatron search
strategies are impossible

B Final state radiation that enters at next-to-leading order is possible in either the
production or decay phase:

production

decay
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Results

B Parton level study of the Tevatron single top analysis performed by CDF

Lepton pr p7 > 20 GeV
Lepton pseudorapidity  |n¢| < 1.1
Missing Er Fr > 20 GeV
Jet pr Pt 15 Gev
Jet pseudorapidity ‘njet‘ < 2.8

Massof b+ 1+ v

140 < myp;, < 210 GeV

B The inclusion of radiation in the decay lowers the (exclusive two-jet) cross-section

slightly:
Process oro [b]  onLo [D]
s-channel single top 10.3 11.7
s-channel (with decay radiation) 10.3 11.3
t-channel single top 38.8 29.4
t-channel (with decay radiation)  38.8 26.6
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Backgrou?ds

- U > d —»—N%A/\/\
AN e B

' 30 11 3
e AVAVAV b > b — NN/

b by b by — (0%
M M oo~
qu BV?’ N 35

U > U _._/ij< C > C
C
5 %fc 19 AN 6 u gﬁ;ds

B Cross-sections in fb include nominal tagging efficiences and mis-tagging/fake
rates. Calculated with MCFM, most at NLO

B Rates are 7 fb and 11 fb for s- and t—channel signal
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do/dH; [fb/Gev]

Single top signal vs. backgrounds

T T L — L B B B A L — —
L Vs=1.96TeV, MRST2002 : - Vs=1.96TeV, MRST2002 -
- signal+background - 40 — signal+background —
5= background — 1 background ]
O — signal B S signal m
| — —_ 30 — —]
L i i
s - § I et R 1
L i 3 Y S— |
L 4 o 20 — |
5 — B i
L _ 10—  |ee___d |
: A-.-j_._!,_. ------------- e : j ............ e ——————— T ]-_-:-_-::
b= I Pl o e e e e 0 o= oy b ey b b
900 200 250 30 350 400 —2 -1 0 1 2
H; [GeV] Qn

B [+ = scalar sum of jet, lepton and missing Er

B (7 is the product of the lepton charge and the rapidity of the untagged jet, useful
for picking out the ¢-channel process

B Signal:Background (with our nominal efficiencies) is about 1 : 6
— a very challenging measurement indeed. Production in this mode has not yet
been observed at Fermilab.

B Currently DO estimate that a luminosity of 7 fo—! is required for a 50 observation.
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